We use particle image velocimetry to measure the sedimentation dynamics of a semi-dilute suspension of non-Brownian spheres at Reynolds numbers, 0.001 ≤ Re ≤ 2.3, extending from the Stokes to the moderately inertial regime. We find that the onset of inertial corrections to Stokes sedimentation occurs when the inertial screening length l = a/Re becomes similar to the Stokes sedimentation length ξ 0 , at Re c = a/ξ 0 ≈ 0.05. For Re > Re c , inertial screening significantly reduces both the magnitude and spatial extent of the particle velocity fluctuations. A modified Hinch force balance model connects the fluctuation magnitudes σ V /V to the correlation sizes ξ.
The sedimentation dynamics of non-Brownian spheres is a fundamental problem in physics [1] and has been the subject of intense activity in recent years (for a review see [2] ).
Much of the focus has been on particles slowly settling in viscous liquids, conditions that correspond to very low Reynolds numbers, Re 1, called the Stokes regime. The Reynolds number is the ratio of inertial to viscous forces in fluids, and is defined as Re ≡ 2V a/ν (V is the particle velocity, a the radius, and ν the fluid kinematic viscosity). In the Stokes regime, where inertial forces are insignificant, concentrations of spheres display Re-independent large amplitude velocity fluctuations σ V /V during settling [3, 4, 5, 6, 7] . Significantly, experiments [5, 6, 7, 8] , simulations [9] , and theory [10] have shown that the fluctuations display a characteristic spatial size ξ, despite the fact that the hydrodynamic interactions emanating from a single isolated sphere are of infinite range (∝ 1/r) [11] . The Stokes screening length ξ represents regions of concentration fluctuations, σ φ , that drive velocity fluctuations σ V and particle diffusion D ∼ σ V ξ. While an explanation of the origin of screening in Stokes sedimentation remains controversial, its existence and central importance for a description of sedimentation is not.
The sedimentation dynamics at higher speed flows where inertial forces become significant, Re ∼ 1, have received much less attention despite its fundamental importance and widespread relevance to numerous chemical industries [12] . In contrast to the Stokes regime, for an isolated sphere falling at moderate Re, there is a distance beyond which the 1/r Stokes like hydrodynamics are screened [11] . The inertial screening length, l ∼ a/Re, becomes shorter as the Reynolds number is increased. For concentrations of settling spheres, the Reynolds number dependence of the hydrodynamic interactions brought about by inertia is predicted to result in Reynolds number dependent sedimentation dynamics as well [13] . Experiments designed to investigate these changes, however, are greatly lacking. We are aware of only a single experiment, by Cowan et al. [14] using novel ultrasonic techniques, that has examined the fluctuation dynamics of spheres at moderate Re < ∼ 1. Surprisingly, they concluded that the velocity fluctuations were independent of Reynolds number for Re < ∼ 1.
In the absence of experiments describing the sedimentation dynamics beyond the Stokes regime, our understanding of the basic physics, and our ability to develop and test model theories, remains very limited.
In this letter, we describe experiments that demonstrate how moderate amounts of fluid inertia can significantly affect the settling dynamics of spheres. The onset of inertial correc- The dramatic decrease in fluctuations seen in Fig. 1(c) is reflected in the greatly magnified case.
To quantify the range of the velocity correlation functions, we fit to the empirical forms [5] . For Re > ∼ 0.05, the behavior begins to change, and ξ follows a roughly logarithmic decay with Re. The decrease of ξ with Re demonstrates that inertial screening occurs at shorter distances for higher Reynolds numbers. In agreement with this, the short range transverse correlations don't show any inertial influence until much higher Reynolds numbers, Re = 2.3. For analysis purposes below, we note that ξ can be well fit by
The velocity maps in Fig. 1 influence occurs at Re ≈ 0.05, and at higher speeds the fluctuations sharply decline with Re. At our highest speed, Re = 2.3, σ v /V is reduced by ≈ 80%.
We now address whether the dependencies found for the correlation lengths and the fluctuation magnitudes can be interrelated by a simple extension of the Hinch model [1, 16] that was originally developed for the Stokes regime [1, 5, 6] . Within this model, velocity fluctuations arise from particle density fluctuations in regions whose spatial extent is the correlation length ξ. For a random particle configuration, the average number of particles in a region of size ξ is N ξ = ξ 3 φ/v p , where v p = 4πa 3 /3. The fluctuations in number are ∆N ξ = N ξ , and mass ∆m ξ = ∆N ξ v p (ρ particle − ρ f luid ). In steady state, the buoyancy force acting on these regions, F g = ∆m ξ g, is equal to the viscous drag force F D = 6π(1 + β Re )ηξ∆V , yielding ∆V = ∆m ξ g/6π(1 + β Re )ηξ. The term β Re ≈ 0.133Re 0.78 is the inertial part of the drag force, valid for Re < ∼ 30 [17] . Additionally, because the drag force applies to regions of size ξ, the appropriate Reynolds number is Re ξ = 2V ξ/ν = (ξ/a)Re. The modified Hinch model then becomes
where the bracketed term represents the influence of particle inertia, and the Hinch model is recovered when Re → 0 [6] . (We also neglect a prefactor [6] ,
To test this model, we input our fit expression for ξ from Eq. (1) into Eq. (2) These results provide an important benchmark for future theoretical work on moderately
